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METHOD AND APPARATUS FOR 
CAPTURING FAULT STATE DATA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to the ?eld of semicon 

ductor device manufacturing and, more particularly, to a 
method and apparatus for capturing fault state data. 

2. Description of the Related Art 
There is a constant drive Within the semiconductor indus 

try to increase the quality, reliability and throughput of 
integrated circuit devices, e.g., microprocessors, memory 
devices, and the like. This drive is fueled by consumer 
demands for higher quality computers and electronic devices 
that operate more reliably. These demands have resulted in 
a continual improvement in the manufacture of semicon 
ductor devices, e.g., transistors, as Well as in the manufac 
ture of integrated circuit devices incorporating such transis 
tors. Additionally, reducing the defects in the manufacture of 
the components of a typical transistor also loWers the overall 
cost per transistor as Well as the cost of integrated circuit 
devices incorporating such transistors. 

Generally, a set of processing steps is performed on a lot 
of Wafers using a variety of processing tools, including 
photolithography steppers, etch tools, deposition tools, pol 
ishing tools, rapid thermal processing tools, implantation 
tools, etc. The technologies underlying semiconductor pro 
cessing tools have attracted increased attention over the last 
several years, resulting in substantial re?nements. HoWever, 
despite the advances made in this area, many of the pro 
cessing tools that are currently commercially available su?cer 
certain de?ciencies. In particular, such tools often lack 
advanced process data monitoring capabilities, such as the 
ability to provide historical parametric data in a user 
friendly format, as Well as event logging, real-time graphical 
display of both current processing parameters and the pro 
cessing parameters of the entire run, and remote, i.e., local 
site and WorldWide, monitoring. These de?ciencies can 
engender non-optimal control of critical processing param 
eters, such as throughput, accuracy, stability and repeatabil 
ity, processing temperatures, mechanical tool parameters, 
and the like. This variability manifests itself as Within-run 
disparities, run-to-run disparities and tool-to-tool disparities 
that can propagate into deviations in product quality and 
performance, Whereas an ideal monitoring and diagnostics 
system for such tools Would provide a means of monitoring 
this variability, as Well as providing means for optimiZing 
control of critical parameters. 
One technique for improving the operation of a semicon 

ductor processing line includes using a factory Wide control 
system to automatically control the operation of the various 
processing tools. The manufacturing tools communicate 
With a manufacturing frameWork or a netWork of processing 
modules. Each manufacturing tool is generally connected to 
an equipment interface. The equipment interface is con 
nected to a machine interface Which facilitates communica 
tions betWeen the manufacturing tool and the manufacturing 
framework. The machine interface can generally be part of 
an advanced process control (APC) system. The APC system 
initiates a control script based upon a manufacturing model, 
Which can be a softWare program that automatically 
retrieves the data needed to execute a manufacturing pro 
cess. Often, semiconductor devices are staged through mul 
tiple manufacturing tools for multiple processes, generating 
data relating to the quality of the processed semiconductor 
devices. 
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2 
Statistical process control (SPC) techniques are com 

monly used to monitor the operation of manufacturing 
processes, systems, or individual manufacturing tools. Com 
monly, various measurements related to the process being 
monitored are compiled and analyZed. Fault detection data 
may include data related to the manufactured devices as Well 
as data related to the operating parameters of the tools. For 
example, physical measurements, such as line Width, or 
electrical measurements, such as contact resistance, may be 
used to detect faults in fabricated devices. Tool parameters, 
such as chamber pressure, temperature, voltage, reactive gas 
makeup, etc., may be evaluated during the processing of 
devices in the tool to detect fault conditions With the tools 
themselves. 

Typically, there is a delay betWeen the time a fault 
condition is determined and corrective action and/ or trouble 
shooting activities are performed. During this delay, the 
conditions in the fabrication facility may change (i.e., pro 
cess and/or tool state) from What Was present at the time the 
fault condition Was generated. While some of the data 
regarding the events leading up to the fault condition is 
archived, other data is not stored at all or is only available 
for a limited time due to the volume of the incoming data. 
Even for the data that is archived, it is often time consuming 
to access all the relevant data sources and correlate the data 
to the Wafer having the associated fault condition. Hence, 
troubleshooting activities are often hampered by the dif? 
culties associated With incomplete data and the dif?culty in 
gathering the existing data. 
The present invention is directed to overcoming, or at 

least reducing the effects of, one or more of the problems set 
forth above. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is seen in a method 
that includes receiving a fault noti?cation message associ 
ated With a fault condition in a manufacturing system. 
Workpiece identi?cation information is determined for at 
least one Workpiece associated With the fault condition 
based on the fault noti?cation message. Fault state data is 
collected based on the Workpiece identi?cation information. 
A fault record including the Workpiece identi?cation infor 
mation and the fault state data is stored. 

Another aspect of the present invention is seen in a 
manufacturing system including a plurality of tools for 
processing Workpieces, a fault database, and a fault monitor. 
The fault monitor is con?gured to receive a fault noti?cation 
message associated With a fault condition in the manufac 
turing system, determine Workpiece identi?cation informa 
tion for at least one of the Workpieces associated With the 
fault condition based on the fault noti?cation message, 
collect fault state data based on the Workpiece identi?cation 
information, and store a fault record including the Workpiece 
identi?cation information and the fault state data in the fault 
database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIG. 1 is a simpli?ed block diagram of a manufacturing 
system in accordance With one illustrative embodiment of 
the present invention; and 
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FIG. 2 is a simpli?ed ?ow diagram of a method for 
capturing fault state data in accordance with another illus 
trative embodiment of the present invention. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that the description herein of speci?c embodiments is not 
intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Illustrative embodiments of the invention are described 
below. In the interest of clarity, not all features of an actual 
implementation are described in this speci?cation. It will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance with system-related and business 
related constraints, which will vary from one implementa 
tion to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, 
but would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 

Referring to FIG. 1, a simpli?ed block diagram of an 
illustrative manufacturing system 10 is provided. In the 
illustrated embodiment, the manufacturing system 10 is 
adapted to fabricate semiconductor devices. Although the 
invention is described as it may be implemented in a 
semiconductor fabrication facility, the invention is not so 
limited and may be applied to other manufacturing environ 
ments. The techniques described herein may be applied to a 
variety of workpieces or manufactured items including, but 
not limited to microprocessors, memory devices, digital 
signal processors, application speci?c integrated circuits 
(ASICs), or other similar devices. The techniques may also 
be applied to workpieces or manufactured items other than 
semiconductor devices. 
A network 20 interconnects various components of the 

manufacturing system 10, allowing them to exchange infor 
mation. The illustrative manufacturing system 10 includes a 
plurality of tools 30*80. Each of the tools 30*80 may be 
coupled to a computer (not shown) for interfacing with the 
network 20. The tools 30*80 are grouped into sets of like 
tools, as denoted by lettered su?ixes. For example, the set of 
tools 30Ai30C represent tools of a certain type, such as a 
chemical mechanical planariZation tool. A particular wafer 
or lot of wafers progresses through the tools 30*80 as it is 
being manufactured, with each tool 30%0 performing a 
speci?c function in the process ?ow. Exemplary processing 
tools for a semiconductor device fabrication environment, 
include metrology tools, photolithography steppers, etch 
tools, deposition tools, polishing tools, rapid thermal pro 
cessing tools, implantation tools, etc. The tools 30*80 are 
illustrated in a rank and ?le grouping for illustrative pur 
poses only. In an actual implementation, the tools may be 
arranged in any order or grouping. Additionally, the con 
nections between the tools in a particular grouping are meant 
to represent only connections to the network 20, rather than 
interconnections between the tools. 
A manufacturing execution system (MES) server 90 

directs the high level operation of the manufacturing system 
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4 
10. The MES server 90 monitors the status of the various 
entities in the manufacturing system 10 (i.e., lots, tools 
30*80) and controls the ?ow of articles of manufacture (e. g., 
lots of semiconductor wafers) through the process ?ow. A 
database server 100 is provided for storing data related to the 
status of the various entities and articles of manufacture in 
the process ?ow. The database server 100 may store infor 
mation in one or more data stores 110. The data may include 
pre-process and post-process metrology data, tool states, lot 
priorities, etc. As described in greater detail below, a fault 
monitor 120 operating on a computer 130 is provided for 
receiving noti?cations of fault conditions determined for 
wafer being processed in the manufacturing system 10. 
Upon receiving a fault noti?cation message, the fault moni 
tor 120 captures fault state data from various sources and 
stores the fault state data in a fault database 140 for future 
use in troubleshooting activities. 

Portions of the invention and corresponding detailed 
description are presented in terms of software, or algorithms 
and symbolic representations of operations on data bits 
within a computer memory. These descriptions and repre 
sentations are the ones by which those of ordinary skill in the 
art effectively convey the substance of their work to others 
of ordinary skill in the art. An algorithm, as the term is used 
here, and as it is used generally, is conceived to be a 
self-consistent sequence of steps leading to a desired result. 
The steps are those requiring physical manipulations of 
physical quantities. Usually, though not necessarily, these 
quantities take the form of optical, electrical, or magnetic 
signals capable of being stored, transferred, combined, com 
pared, and otherwise manipulated. It has proven convenient 
at times, principally for reasons of common usage, to refer 
to these signals as bits, values, elements, symbols, charac 
ters, terms, numbers, or the like. 

It should be borne in mind, however, that all of these and 
similar terms are to be associated with the appropriate 
physical quantities and are merely convenient labels applied 
to these quantities. Unless speci?cally stated otherwise, or as 
is apparent from the discussion, terms such as “processing” 
or “computing” or “calculating” or “determining” or “dis 
playing” or the like, refer to the action and processes of a 
computer system, or similar electronic computing device, 
that manipulates and transforms data represented as physi 
cal, electronic quantities within the computer system’s reg 
isters and memories into other data similarly represented as 
physical quantities within the computer system memories or 
registers or other such information storage, transmission or 
display devices. 
An exemplary information exchange and process control 

framework suitable for use in the manufacturing system 10 
is an Advanced Process Control (APC) framework, such as 
may be implemented using the Catalyst system offered by 
KLA-Tencor, Inc. The Catalyst system uses Semiconductor 
Equipment and Materials International (SEMI) Computer 
Integrated Manufacturing (CIM) Framework compliant sys 
tem technologies and is based the Advanced Process Control 
(APC) Framework. CIM (SEMI E8l-0699iProvisional 
Speci?cation for CIM Framework Domain Architecture) 
and APC (SEMI E93-0999iProvisional Speci?cation for 
CIM Framework Advanced Process Control Component) 
speci?cations are publicly available from SEMI, which is 
headquartered in Mountain View, Calif. 
The distribution of the processing and data storage func 

tions amongst the different computers or workstations in 
FIG. 1 is generally conducted to provide independence and 
central information storage. Of course, different numbers of 
computers and different arrangements may be used. 



US 7,098,048 B1 
5 

The fault monitor 120 may be con?gured to receive fault 
information from a variety of sources. Fault detection and 
classi?cation (FDC) data may be generated based on data 
from sensors or metrology tools relating to product or 
process conditions in the manufacturing system 10. Exem 
plary product data includes physical measurement data (e.g., 
line Width, process layer thickness, trench depth, planarity, 
uniformity, photoresist pattern data, etc.), electrical mea 
surement data (e.g., resistivity, contact resistance, dielectric 
constant, drive current, leakage current, etc.), or tool state 
data (e.g., tool state data for an etch tool may include gas 
?oW, chamber pressure, chamber temperature, voltage, 
re?ected poWer, backside helium pressure, RF tuning 
parameters, etc.). The particular makeup for the FDC data is 
application dependent and the application of the present 
invention is not limited to any particular type of FDC data. 
The speci?cation of data sources for generating FDC data is 
Well knoWn to those of ordinary skill in the art. Various FDC 
techniques for processing the FDC data and determining 
fault conditions are Well knoWn to those of ordinary skill in 
the art, and for clarity and to avoid obscuring the present 
invention, they are not described in greater detail herein. 
Exemplary FDC techniques include control chart/control 
limit analysis, multivariate analysis, etc. An exemplary 
multivariate softWare tool for processing tool state data to 
determine tool health is ModelWareTM offered by Triant, Inc. 
of Nanaimo, British Columbia, Canada Vancouver, Canada. 
An exemplary system for monitoring tool health is described 
in US. patent application Ser. No. 09/863,822, entitled 
“METHOD AND APPARATUS FOR MONITORING 
TOOL HEALTH,” ?led in the names of El?do Coss Jr., 
Richard J. Markle, and Patrick M. CoWan, that is assigned 
to the assignee of the present application and incorporated 
herein by reference in its entirety. 

The particular construct of the fault noti?cation message 
received by the fault monitor 120 depends on the particular 
fault condition being identi?ed. The fault noti?cation mes 
sage may or may not include the Wafers affected by the fault 
condition. For example, for fault data generated based on 
metrology analysis the Wafer and/or lot identi?cation num 
bers of the Wafers being measured are typically knoWn. 
Hence, a fault noti?cation message derived from a metrol 
ogy source Would typically include Wafer identi?cation 
information. 

For other fault sources, the fault noti?cation message may 
only include the tool 30?80 that experienced the fault 
condition and a timestamp indicating When the fault 
occurred. In such cases, the fault monitor 120 determines the 
Wafer identi?cation information based on the tool identi? 
cation information and the timestamp information. The MES 
server 90 maintains a schedule of the processing activities in 
the manufacturing system 10. The fault monitor 120 queries 
the MES server 90 to determine Which Wafer, lot, or lots of 
Wafers (i.e., depending on the particular type of process tool 
30%0) Was being processed during or near the time the fault 
condition Was determined. The timestamp of the fault noti 
?cation message may not alWays correspond exactly to a 
time period during Which a particular Wafer Was being 
processed. For example, the fault condition may be deter 
mined betWeen processing runs based on a tool health 
analysis of the previous run. The fault monitor 120 may have 
to consider multiple Wafers or lots processed during the time 
frame proximate the fault determination before deciding 
Which Wafer(s) to designate as being suspect. It may also be 
the case Where Wafers have been processed under the same 
conditions leading to the fault prior to the determination 
being made. The fault monitor 120 may also ?ag these 
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6 
subsequent Wafers as being suspect. Along the same lines, 
Wafers processed before the process run on Which the fault 
determination Was made may also be ?agged by the fault 
monitor 120 as being suspect. In some cases, a fault analysis 
may not be conducted for each processing run. In such cases, 
all Wafers processed since the last fault determination may 
be suspect. 

Based on the Wafer identi?cation information supplied 
With the fault noti?cation message or determined as 
described above, the fault monitor 120 collects fault state 
data associated With the determined fault condition. The 
fault state data includes the data that Was analyZed to 
determine the fault condition. Again, the particular type of 
FDC data depends on the type of fault being determined. The 
fault state data may include both Wafer state data and tool 
state data. Exemplary Wafer state data includes metrology 
data regarding the characteristics of the Wafer (e.g., physical 
dimensions, defect rate, electrical measurements, etc.), pre 
vious fault conditions, image data (e.g., optical or scanning 
electron microscope images for construction of a library of 
visual effects/fault events), context data (e.g., process step, 
process history (tools 30*80 employed)), etc. Exemplary 
tool state data includes the data collected during the pro 
cessing run (i.e., as described above), tool maintenance 
history, prior tool faults, etc. 

In some cases, the data desired for inclusion in the fault 
record may not be available. For example, metrology data or 
image data may not be collected for every Wafer. The fault 
monitor 120 may determine, based in part on the particular 
type of fault condition determined, that additional data 
Would be useful in troubleshooting the fault. Accordingly, 
the fault monitor 120 may send a request to the MES server 
90 to schedule the desired activities for collecting additional 
metrology or image data. In one embodiment, the MES 
server 90 may notify the fault monitor 120 When the 
requested data is available. In another embodiment, the fault 
monitor 120 may maintain a queue of requested activities 
and periodically check to identify When the data becomes 
available. 
The fault monitor 120 generates a fault record in the fault 

database 140 that is available for future analysis and trouble 
shooting of the fault condition. The fault record may include 
fault state data associated With multiple Wafers and/or mul 
tiple process tools 30*80 depending on hoW precisely the 
fault monitor 120 can narroW doWn the suspect Wafers 
and/or tools 30*80. The fault monitor 120 may update the 
fault record as additional information becomes available. A 
user may also instruct the fault monitor 120 to update the 
fault record When the troubleshooting activities commence 
to determine if additional data that Was not present at the 
time the fault Was captured is noW available. 

Turning noW to FIG. 2, a simpli?ed ?oW diagram of a 
method for capturing fault state data in accordance With 
another illustrative embodiment of the present invention is 
provided. In block 200, a fault noti?cation message associ 
ated With a fault condition in a manufacturing system is 
received. In block 210, Workpiece identi?cation information 
is determined for at least one Workpiece associated With the 
fault condition based on the fault noti?cation message. In 
block 220, fault state data is collected based on the Work 
piece identi?cation information. In block 230, a fault record 
including the Workpiece identi?cation information and the 
fault state data is stored. 
The capturing and storage of fault state data, as described 

above, has numerous advantages. The fault state data is 
collected immediately after determination of the fault con 
dition to reduce the likelihood that the data Would not be 
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available When troubleshooting actually occurs. The auto 
mated data collection process also reduces the time required 
to conduct troubleshooting activities because the relevant 
data has been previously gathered. The automated data 
gathering system also alloWs data (e. g., metrology or image) 
that is not presently available to be collected and stored prior 
to commencement of the troubleshooting activities. 

The particular embodiments disclosed above are illustra 
tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. Further 
more, no limitations are intended to the details of construc 
tion or design herein shoWn, other than as described in the 
claims below. It is therefore evident that the particular 
embodiments disclosed above may be altered or modi?ed 
and all such variations are considered Within the scope and 
spirit of the invention. Accordingly, the protection sought 
herein is as set forth in the claims beloW. 

What is claimed is: 
1. A method, comprising: 
receiving a fault noti?cation message associated With a 

fault condition in a manufacturing system; 
determining Workpiece identi?cation information for at 

least one Workpiece associated With the fault condition 
based on the fault noti?cation message; 

collecting fault state data based on the Workpiece identi 
?cation information; and 

storing a fault record including the Workpiece identi?ca 
tion information and the fault state data. 

2. The method of claim 1, Wherein the fault noti?cation 
message includes the Workpiece identi?cation information, 
and determining the Workpiece identi?cation information 
further comprises extracting the Workpiece identi?cation 
information from the fault noti?cation message. 

3. The method of claim 1, Wherein the fault noti?cation 
message includes process tool identi?cation information 
associated With a process tool related to the fault condition, 
and determining the Workpiece identi?cation information 
further comprises identifying at least one Workpiece pro 
cessed by the process tool during a time period proximate 
the fault condition. 

4. The method of claim 1, Wherein collecting the fault 
state data further comprises collecting Workpiece state data. 

5. The method of claim 4, Wherein collecting the Work 
piece state data further comprises collecting metrology data 
associated With the Workpiece. 

6. The method of claim 4, Wherein collecting the Work 
piece state data further comprises collecting context data 
associated With the Workpiece. 

7. The method of claim 6, Wherein collecting the context 
data further comprises collecting at least one of process step 
data and processing history data. 

8. The method of claim 1, Wherein collecting the fault 
state data further comprises collecting process tool state 
data. 

9. The method of claim 8, Wherein collecting the process 
tool state data further comprises collecting data associated 
With a process run of the process tool executing proximate 
the fault condition. 

10. The method of claim 8, Wherein collecting the process 
tool state data further comprises collecting at least one of 
tool maintenance history and tool fault history. 

11. The method of claim 1, further comprising initiating 
a scheduling request to gather additional fault state data 
responsive to the fault noti?cation message. 
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12. The method of claim 11, Wherein initiating the sched 

uling request further comprises initiating a request for 
metrology data associated With the Workpiece. 

13. The method of claim 11, Wherein initiating the sched 
uling request further comprises initiating a request for image 
data associated With the Workpiece. 

14. A manufacturing system, comprising: 
a plurality of tools for processing Workpieces; 
a fault database; 
a fault monitor con?gured to receive a fault noti?cation 

message associated With a fault condition in the manu 
facturing system, determine Workpiece identi?cation 
information for at least one of the Workpieces associ 
ated With the fault condition based on the fault noti? 
cation message, collect fault state data based on the 
Workpiece identi?cation information, and store a fault 
record including the Workpiece identi?cation informa 
tion and the fault state data in the fault database. 

15. The system of claim 14, Wherein the fault noti?cation 
message includes the Workpiece identi?cation information. 

16. The system of claim 14, Wherein the fault noti?cation 
message includes process tool identi?cation information 
associated With a process tool related to the fault condition, 
and the fault monitor is further con?gured to identify at least 
one of the Workpieces processed by the process tool during 
a time period proximate the fault condition. 

17. The system of claim 14, Wherein the fault state data 
further comprises Workpiece state data. 

18. The system of claim 17, Wherein the Workpiece state 
data further comprises metrology data associated With the 
Workpiece. 

19. The system of claim 17, Wherein the workpiece state 
data further comprises context data associated With the 
Workpiece. 

20. The system of claim 19, Wherein the context data 
further comprises at least one of process step data and 
processing history data. 

21. The system of claim 14, Wherein the fault state data 
further comprises process tool state data. 

22. The system of claim 21, Wherein the process tool state 
data further comprises data associated With a process run of 
the process tool executing proximate the fault condition. 

23. The system of claim 21, Wherein the process tool state 
data further comprises at least one of tool maintenance 
history and tool fault history. 

24. The system of claim 14, Wherein the fault monitor is 
further con?gured to initiate a scheduling request to gather 
additional fault state data responsive to the fault noti?cation 
message. 

25. The system of claim 24, Wherein the scheduling 
request further comprises a request for metrology data 
associated With the Workpiece. 

26. The system of claim 24, Wherein the scheduling 
request further comprises a request for image data associated 
With the Workpiece. 

27. A system, comprising: 
means for receiving a fault noti?cation message associ 

ated With a fault condition in a manufacturing system; 
means for determining Workpiece identi?cation informa 

tion for at least one Workpiece associated With the fault 
condition based on the fault noti?cation message; 

means for collecting fault state data based on the Work 
piece identi?cation information; and 

means for storing a fault record including the Workpiece 
identi?cation information and the fault state data. 


